Why bother with the natural history? If there is a proved case of ventricular septal defect it should be closed. Cooley wrote in 1959, "within the next few years the presence of an uncomplicated ventricular septal defect will be accepted as sufficient indication to recommend surgical repair."`It is well to approach such a sweeping statement with caution even in the low-risk groups, for our experience in not completely understanding ventricular septal defect more than 80 years after Roger's description 2 suggests that medicine will be at least a generation older before the natural history of the same disease, complicated by ventriculotomy and Teflon patch, is known.
Methods
This study of ventricular septal defect is based on four methods of approach: 1. Clinical. Four hundred twenty-four caseis have been analyzed, of wshich 185 cases are the total experience of the National Heart Hospital * from 1948 to 1960 (excluding cases of Dr. Wood) , and 239 cases were personally studied by Dr. XVood. Data are presented as representing the total case material except where specifically designated as the Wood series or the National Heart Hospital series. Case material seen has usually been limited to age 3 an-d beyond, and has not encompassed ventriculam septal defect in infancy. 2 defect by catheterization was recalled as a shortterm follow-up study averaging 9.4 years (range 8 to 12 years excluding deaths). In addition, a long-term follow-up study that averaged 24 years (range 21 to 26 years, excluding deaths) was made from 48 patients consecutively selected on clinical grounds as having ventricular septal defect when first observed between the years 1934 and 1939. These patients are separate from the clinical material described above.t 4. Morbid anatomy. A study of autopsy data noting defect size, cause of death, incidence of bacterial endocarditis, and sponitaneous closure was made from a review of the literature and from a new series of cases compiled from the pathology laboratories of four general hospitals..+ Ventricular septal defect was studied as a single, independent lesion. Complicating cardiac and great vessel lesions a.s.sociated with the defect that might be expected to affect the natural history of the basic lesion were excluded as far as possible. The 424 cases of the study include, aside from the 288 cases proved by cardiac catheterization, 136 other cases without pulmonary hypertension having adequate clinical criteria. The clinical criteria for selection of noncatheterized cases are now well established3 and include the typical harsh pansystolic murmur and thrill at the lower left sternal border, a hyperkinetic left ventricular impulse, and a mitral rapid inflow mid-diastolic murmur best heard in expiration. Electrocardiograms often show prominent Q and tall peaked T waves in the left precordial leads, and x-rays show enlargement of the left ventricle, pulmonary artery, and left atrium, with pulmonary plethora.
Cases excluded from the study were those with prominent aortic insufficiency, transposition of the great vessels, atrial septal defect when the clinical picture of atrial septal defect and the shunt at atrial level were dominant, single ventricle, and stenosis of the pulmonary outflow tract. Since patients in the last-mentioned category represent a special problem in defining the differences between true congenital obstruction, acquired obstruction, and instrumental artifact, the following standards of selection were made. Patients with systolic pressure gradients between main pulmot These cases were selected from the records of D. E. Bedford, who kindly gave permission for their use, and M. Campbell, retired physician of the National Heart Hospital, whose patients are now under the care of A. Leatham nary artery and right ventricle greater than 50 mm. Hg were excluded. Included were patients with a right ventricle-main pulmonary artery systolic gradient of less than 50 mm. Hg whose pulmonary blood flow was at least twice systemic (three cases) and cases in which the gradient was less than 20 mm. Hg and pulmonary blood flow exceeded systemic by 50 per cent or more (three cases).
Other problems of selection included (1) the separation of left ventricular-right atrial shunts (a form of ventricular septal defect) from the double-lesion ventricular and atrial septal defect; (2) the presence or absence of hemodynamically significant patent ductus arteriosus; and (3) the establishment of ventricular septal defect as the only anomaly in the Eisenmenger group of patients. Patients with the Eisenmenger complex were selected oin the basis of Wood's exacting criteria: 4 pulmonary hypertension at systemic level, pulmonary vas;cular resistance exceeding 10 units; a reversed or bidirectional shunt at ventricular level with pulmonary-to-systemic flow ratio of less than 1.5; oxygen saturation of blood from pulmonary artery less than from aorta; and a ventricular septal defect of 1.5 to 3 .0 cm. in diameter at autopsy.
Cardiac catheterization data represent 298 studies in 288 patients over a period of 12 years. mm. Hg and the pulmoniary flow expressed in liiters per minute. The upper limit of normal resistance is about 2 units.
In the follow-up studies all patients were traced through their former residence and through their referring physician. When this failed the name of the patient was turnied over to a volunteer aglency * specializing in the location of missing * I am extremely grateful to Lt. Colonel L. Clayson Thomas, Chief, The International Investigation Department of The Salvation Army, London, and his staff through whose generous assistance were located patients have not died within the limits of the United Kingdom. The deaths of three patients included in these studies were uncovered by these searches. This type of follow-up accentuates a bad prognosis. Further details on methodology are described as they arise and bear upon the results reported below.
Results
Classification
Ventricular septal defect is ideally classified on the basis of defect size, amount and direction of shunt, and resistance to flow in the lesser circulation. Cardiac catheterization provides satisfactory indices of these criteria in most situations, but examples will be cited when clinical classification gives results closer to the truth. Careful attention to brachial pulse, impulses of right and left ventricle and pulmonary artery, quality of the second sound, and mitral inflow murmur together with the interpretation of electrocardiogram and x-ray is also an accurate method of assessment. Ventricular Table 2   in 424 Cases of Ventricular Septal   Age at first visit  1 1-20 21-30 31-40   65  24  14  40  8  5  3  6  2  18  7  2  14  20  9  140  65   32   41 -50   4  2  0  0  6  12   51+   3  0  0  0  1  4   Total   175  98  18  63  70  424   Table 3 Comparison of Age Incidence between Venttricular Septal Defects, Groups 1 figure  2 . However, the age at diagnosis for any disease or the age at which a patient first appears in a clinic is poorly related to survivorship. For example, the age incidence of patients with osteoarthritic complaints roughly parallels that of myocardial infarction but prognosis for the two is clearly unrelated. Similarly, it can be shown (table 3) that the age incidence of 601 10 20 30 40 50 Age Groups by Decades 60 Figure 2 Fractional age distribution by group for defect. The late peak of group 5 is statistically significant; the late peak of group 3 is not. patients over 30 with the mildest form of defect (group 1) is significantly less than that of patients with the Eisenmenger complex. To relate this to survivorship for either group is nonsense. Failure to appreciate these facts has led to the confusion surrounding the natural history of this defect. For this reason, age incidence also is discussed with, and in the light of, data that follow.
Sex
Cases were distributed evenly between sexes in all groups at all ages. Elevation of pulmonary vascular resistance was unrelated to the sex of the patient (table 4) .
Growth and Development
The height and weight of 70 catheterized cases from the National Heart Hospital series who were below age 21 were compared to standard reference tables.0 The two cases in group 3 in which data were available were combined with 19 from group 4. Each case was plotted as being under the 10th percentile for age, between the 10th and 50th percentile, or over the 50th percentile. Results are pre- To achieve the longest possible follow-up of definite cases, the first 25 patients with catheter-proven lesions (excluding Eisenmenger complex) were selected for study (table  6) . These catheterizations were done between 1948 and 1952. Eighty-four per cent (21 patients) of the 25 were located; 100 per cent of the pulmonary hypertensive groups. The follow-up study included a hospital visit with clinical examination by the author, electrocardiogram, and x-ray in 12 cases; home visit by the author, one case; report from private physician, four cases; autopsy report, four cases. Group 1 All patients (average follow-up 9.2 years) remained stable. No changes occurred in symptomatology, physical examination, electrocardiogram, or chest x-ray. ._o s Figure 5A andl B Group 4 Although four of the five patients had died at the time of follow-up, only one died as a direct result of increased pulmonary vascular disease and right-heart failure. A second (case DC-8, table 7) died shortly after surgical closure of the defect. The third patient died of bacterial endocarditis at age 8, and the fourth death occurred in another boy (cf. group 2 follow-up, above) who was included in this series only because the aortic insufficiency associated with his defect was thought to be minor when he was first seen at age 13. Clinical and electrocardiographic right ventricular predominance was observed at that time. Letters from the father of this patient, not a physician, 15 months after his son's death at age 21 Table 9 Demonstration by Several Clinical Factors Follow-up in the 24 Cr fi The two patients in group 3 died 4 and 11 years after first being observed; both were in probability group C. One was a girl 3 months of age when first seen. Her autopsy records were lost in the bombing of London during
WYorld WVar II and death at age 4 was recorded as duie to "mongolism and tuberculosis of lung and skin." The second was a 30-year-old woman wlho died 11 years after her visit. Atitopsy was not performed. Death certificate recorded "myocardial degeneration and cerebral vascular accident." These two cases probably should not have been selected for this type of follow-up study, because of the difficulty of clinical diagnosis of the symptomatic patient with cardiomegaly in 1937. While not helpful with the natural history, they do help to establish the validity of the assumption that the search of death records was complete, and follow-up has not overlooked other deaths.
Ilemoclyianutic Changes
In the mild and moderate groups all hemodyniamic changes, as clinically determined, were toward amelioration or disappearance of the defect. Electrocardiograms were unchanged in tlhe eight patients with tracings available before and after follow-up. No patient in these groups developed pulmonary Iypertension. This is consistent with other observations-that smaller defects never develop ptulmonary vasetl.ar complications. The data presented in Figure 6 is an adapted compilation relating the age-standardized size of defect to age and cause of death from 115 cases taken in toto from several larger series in the literature,9-13 in which data for individual lesions have been reported. To this compilation have been added 16 cases where patency persisted in an unselected series of 25 necropsied patients over the age of 20 years who had abnormal ventricular septa (discussed below) and 22 further cases of all ages from the files of 22,703 necropsies of Cleveland (Ohio) Metropolitan General Hospital.* Figure 6 has four symbols indicating the cause of death in the individual case or the absence of information: (1) deaths related or probably related to pulmonary hypertension and congestive heart failure due to left-to-right shunt (including deaths following cardiac surgery when surgery was indicated by pulmonary hypertensive disease, and also including cases with minor degrees of aortic insufficiency); (2) It can be seen ( fig. 6 ) in this selection of 115 necropsies that there is not one defect with an age-standardized size less than 11 mm. where the cause of death was related or probably related to hemodynamic complications. These data are in complete accord with the follow-up studies of 8 to 12 years and 24 years, described above, and with the several serial catheterization studies,16-9 including the author's, which show minimal or no hemodynainic changes in this group of patients catheterized twice at intervals up to 12 years.
Additional data were acquired to prove this point. The necropsy records of four general hospitals representing 67,000 necropsies were searched for cases of simple defect in patients dying past the age of 20 and the size of each defect was correlated with the cause of death. Twenty-five cases were found (tables 12 and 13). The age of 20 was selected, since the data concerning patients in groups 1 and 2 mobilized thus far left no doubt that these persons survive beyond 20 years (barring bacterial endocarditis).
Only five of the 25 cases were complicated by pulmonary vascular disease, and the smallest defect in this group measured 18 mm. Four died of bacterial endocarditis and 16 of causes unrelated to their defects. Twelve of the 25 patients showed evidence of complete or partial spontaneous closure of their defects (see below). Among eight patients with patent defects who died from causes other than pulmonary vascular complications, the defect size varied from 3 to 12 mm. This is conclusive evidence that progressive pulmonary vascular disease for the practical purposes never complicates the smaller defects.
Role of Spontaneous Closure in the Natural History of Ventricular Septal Defect (Tables 12-14) For a number of years reports of spontaneous closure have been postulated or demonstrated at necropsy.7 [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Rare necropsy reports have usually described closure as being caused by binding of the septal leaflet of the tricuspid valve over the defect20 23 and recently this has been described 24 in a case submitted for open-heart surgery following bac- it.
---C) XC) -1C . Phonocardiogram of .samce patient as~in figure 16 with rlheumnatic hleart disease, a far more prevalent diagnosis at that time. Since the figures on incidence in school children were gathered largely before adequate diagnostic technics were available, we must assume that the calculated incidence of ventricular septal defects (2.9 to 5.8 per 10,000) represents mainly the smaller defects with more classical physical findings. If we correct the school-children incidence figure of 2.9 to 5.8 per 10,000 for the few larger defects that might have been included (4.2 per cent), the incidence of small ones (groups 1 and 2) in school children and therefore at autopsy in adults should lie between 2.8 and 5.6 cases per 10,000.
Selzer's incidence of small defects (less than 10 mm.) in patients over 15 years was 20 per 45,894. In the author's series, 10 cases of patent small defects were found in 67,000 autopsies.* The observed incidence of small lesions found in adults at autopsy for these two series totals 30 per 113,000 or 2.7 per 10,000.
In conclusion, if one accepts the diagnosis as correct in the school children studied, then necropsy incidence implies that spontaneous closure occurs in 50 per cent of small defects.
If Dr. Wood In view of the findings described above, it seemed possible that spontaneous closure may account for some cases of idiopathic dilatation of the pulmonary artery.44 Thirty-six patients with this diagnosis were listed in the files of the National Heart Hospital. Approximately 75 per cent were in young men referred to the hospital because of an abnormal chest x-ray found in routine screening for military service. Diagnosis was made on the basis of an enlarged pulmonary artery segment by x-ray without other evidence of heart or pulmonary disease. Electrocardiograms were normal. A soft pulmonary ejection murmur was heard in 42 per cent of cases and a pulmonary ejection click in 39 per cent. The second sound was physiologically split, and the pulmonary component was not accentuated.
In this retrospective study each case record was searched for evidence of prior heart disease, disappearing murmurs, or changes in symptomatology. Very little was found to suggest that idiopathic dilatation of the pulmonary artery was related to spontaneous closure of ventricular septal defect. These results are summarized in table 15. Only two of 36 patients gave a history even modestly consistent with the disappearance of a heart murmur. One was an 18-year-old boy who gave a history of "rheumatic fever" at 9 months of age and again at age 14 when he had "growing pains." He was unable to state whether any murmurs were heard by his physician at these times. When seen at the hospital he com- 10 28 Positive history of disappearance of heart murmur 0 0
History possibly consistent with previous heart disease 2t 6 Pulmonary ejection murmur 15 42 Pulmonary plained of mild dyspnea on exertion. The only abnormal finding in this patient was pulmonary artery dilatation in the x-ray. The second patient, a 35-year-old man, gave a more positive history of "a bad hearf" at age 15. He was accepted for military service at age 21, apparently free from heart disease at this time. When he was seen at age 35 The patienit wxith a small defeet whvo suirvives beyond the age of 50 uncommonly presenits in coiigestiv e heart failure. This stiggests that the trivial defect of youith begins to take its toll-as the heart ages or in the presenlce of aiy ui-nrelated conditioni that compromises cardiac ftunction, e.g., hypertension or coronary artery disease. SeIzer 1 certaiinly had a presentiment that this xvas so, for he commented oIn the freuti licyvf coungestive heart fatiluire in his series.
He noted that six of 35 patients over 15 (17 p .er cent) died in congestive heart fatiluire pre- Note similarity to electrocardiograms in figures 16, 21, and 22. sumably unrelated to the shunt. Two had hypertension.
Among the nine cases collected by the author, attention was drawn to the problem of cardiomyopathy and survival by the second case described under spontaneous closure (above). The electrocardiograms ( fig. 16 ) were abnormal in 1937 and in 1960. The intraventricular conduction defect, ST-segment depression and flat or biphasic T waves in II, III, and V4-V6, are consistent with nonspecific left ventricular disease. The changes are remarkably stable, not due to digitalis, and not at all associated with coronary artery disease symptomatology. The patient denied previous diphtlieria. At 69 he was well, presumably with a closed defect. Shortly after this patient was seen in 1960, a second case appeared at the hospital, symptomatic, with a small defect, and a chest x-ray ( fig. 19 ) and electrocardiogram ( fig. 20) taken cardiac medication such as digitalis. Physical examination revealed a blood pressure of 110/60, a pulse of 72, and normal jugular venous pulse. His chest was "pear" shaped with flaring of the lower ribs and depressed diaphragm. The cardiac impulse was normal. There was no thrill. On auscultation, at the left sternal edge immediately following a normally split first sound there was a grade-II/IV decrescendo murmur ending well before the second sound. The second sound in the pulmonary area was normally split and not accentuated. An expiratory third sound was heard at the apex after exercise. Cardiac catheterization studies are shown in table 8 (case SC-3). The findings were consistent with the diagnosis of a small defect with slightly elevated pulmonary vascular resistance (2.6 units). The elevated pulmonary vascular resistance was probably a passive phenomenon, since pulmonary wedge pressure was high normal at rest, rising to abnormal levels during exercise, and cardiac output failed to rise with exercise. Pulmonary vascular resistance also rose with exercise. These findings are consistent with left ventricular myopathic disease. The unusual shape of the chest, the emphysematous changes, and the arterial desaturation, which felil with exercise, suggest an additional element of primary pulmonary disease. figure 10 . An uncomplicated atrial septal defect-secundum was also present. 943 BLOOMFIELD Case Report. K. F., a 15-year-old boy (case 3),j was first hospitalized for "primary tuberculosis" between ages 6 and 8. Review of x-rays from this period suggests that the diffuse infiltrate thought to be tuberculosis was actually pulmonary plethora associated with a left-to-right shunt. At no time during this hospitalization was a cardiac murmur noted. When the patient was seen at St. George's Hospital, London, in 1959, physical examination, chest x-ray, and cardiac catheterization were entirely consistent with the diagnosis of atrial septal defect, ostium secundum. The electrocardiogram ( fig. 21) , which has features similar to cases 1 and 2, was puzzling and suggested the diagnosis of ostium primum atrial septal defect even though the T-wave changes in the left precordial leads were unusual for that condition in the absence of mitral insufficiency. The (fig. 10) . It was not possible to determine whether this patch represented a congenital defect in only the musele of the septum or whether it represented the postnatal closure of a patent defect. The central dimple suggests a concentric closure. The left ventricle was thickened and hypertrophied.
The fourth case in this series was the 33-year-old woman whose history is described above as an example of spontaneous closure (figs. 11-13). Although she was pregnant and anemic in her last trimester, the generalized cardiomegaly (heart weight 400 Gm.) was unexpected. Electrocardiogram was not taken.
From the necropsy data in tables 12 and 14, four other cases are consistent with a defect and left ventricular myopathy. Case N-13 was a 45-year-old man who died of bronchopneumonia, in 1925, and had a small 3-mm. defect. His heart weighed 400 Gm., the right ventricle was recorded as 2 mm. thick, the left ventricle 12 mm. Cases N-24 and N-25 both showed nonspecific left ventricular hypertrophy, although clinical history was available in neither. Case N-31 ( fig. 14) No literature exists on this subject but the author noted that the second case described in a recent report47 bears all the earmarks of the first two myopathy cases described above, although it was reported for a different reason.
Turning to necropsy material (table 12) , six of seven patients dying over the age of 50 had some degree of left ventricular hypertrophy. Only one of these had myocardial infaretion. Four of seven died of congestive failure ascribed to hypertensive cardiovascular disease, and a fifth was known to have hypertension but died from pulmonary embolism following an automobile accident.
There is no other evidence to support the concept that systemic hypertension is more common with ventricular septal defect. Figures from other series are not available. What is likely, however, is that a defective ventricular septum, patent or not, compromises cardiac function when the heart is subjected to a stress such as hypertension. Since four of the seven cases over age 50 were examples of spontaneous closure, it appears that the defective septum per se, not the small shunt, is responsible for the increased susceptibility to cardiac failure. This is important, for it implies that this long-term complication will not be influenced by surgical closure of small defects. It may be that many of the patients with large defects now closed surgically will encounter this problem after living to ages previously unattainable.
One can only speculate upon the etiology of this myopathy. Most likely, a defect of the ventricular septum mechanically interferes with systolic contraction, i.e., the ventricular septum cannot make its normal contribution to systolic ejection. The result is lateral wall strain as indicated from the electrocardiograms in figures 18 originates from a large left-to-right shunt that begins early in the neonatal period and before pulmonary arterial medial involution takes place. Edwards has stressed a second origin of early vasoconstrictive responses. He has argued that it is the common ejectile force into pulmonary artery which is dominant in preventing involution of fetal lung architecture. 51 The author believes that elevations of pressure in the pulmonary venous-left atrial svstem provide a third element that plays an important role in the neonatal physiologic changes. Cardiac catheter and surgical data have shown high left atrial pressures in group-4 patients. The levels may not be far above normal limits but they have been recorded after the protective pulmonary vascular reaction has been established. Pulmonary arteriolar wedge pressures were analyzed in 46 cases from groups 1, 2, and 4 and compared to right atrial mean pressures.* In 32 cases from groups 1 and 2 (right ventricular systolic pressure < 40 mm. Hg; average pulmonaryto-systemic flow ratio 1.85), the pulmonary wedge-right atrial difference was 3.8 -+-2.2 mm. Hg. In 14 group-4 cases (right ventricular systolic pressure > 40 mm. Hg; average pulmonary-to-systemic flow ratio, 1.95), this difference was 9.6 ± 2.2 mm. Hg (p < 0.001). This observation confirms the work of DuShane and Kirklin,58 who observed high left atrial pressures in group-4 patients at openheart surgery.
A hypothetical relation between pulmonary vascular medial involution and the forces opposing it is pictured vectorially in figure  23A -D. The normal pulmonary arterial media involutes completely in anywhere from 6 weeks to 3 or rarely 6 months.5l The different rates are schematically shown in figure 23A . In the presence of a large defect vasoconstrictive forces oppose involution. They may slow it ( fig. 23B), stop it completely (fig. 23C) The evolution of groups 3, 4, and 5, for patients having equal-sized defects, is depicted in figure 24 . Vasospastic influence is visualized to have two thresholds: the vasospasm necessary to maintain pulmonary artery pressure at systemic levels and the vasospasm necessary to stop completely the medial involution of fetal vessels. The early natural history of each of the three groups is visualized at three theoretical periods that lead into the steady state. Times, shunts, and vasospastic units are por- to maintain systemic pressure in the pulmonary artery but he only slows medial involution. The group-3 patient, a hyporeactor, does not maintain systemic pressure in the pulmonary artery and slows medial involution the least.
The evolution of group 5 is as follows. The initial severe pulmonary vasospastic reaction reduces the early shunt (time B). The left atrial element of pulmonary vasospasm is reduced. By time B, however, two changes have occurred: ejectile forces have increased above neonatal levels; and pulmonary media has not only failed to involute but has begun to hypertrophy. The vasoconstrictive reaction is now largely maintained by ejectile forces. At time C, the Eisenmenger reaction is fixed. The shunt is small, left atrial component is nil, but the ejectile forces of systemic pressure against the persistent, thickened fetal media are sufficient to maintain systemic pressure in the pulmonary artery without medial involution. Fetal architecture51 is thus maintained through a rational physiologic mechanism; not because of a congenital malformation.59
The group-4 patient, who at time A was able to maintain systemic pressure but only slowed medial involution, progresses differently. At time B (second blocks), because there has been some medial involution and the thrust-volume capabilities of the ventricles have increased, the patient increases his shunt. Because this documentation by serial cardiac catheterization alone is incomplete and prompts the withholding of judgment.
The chief difficulty with figure 25, our 8-to 12-year follow-up studies, and the observations of others 16-18 is that the follow-up periods have been too short. Referring back to table 2 and figure 2, and comparing age distribution of groups 4 and 5, we find that the late peak of group-S patients is statistically significant (p <0.025). The paucity of group-4 patients after age 25 and the relative increase in group-5 patients together suggest that the late peak within group 5 is at least partially attributable to progressive pulmonary hypertension, the acquired Eisenmenger complex. Therefore, although hemodynamic stability is the rule during the first 20 years of life, it is probable that some permanent vascular changes are occurring that cannot be measured by the technics of cardiac catheterization. This probability is consistent with the work of Edwards 51 and recent studies suggesting slow resolution of elevated pulmonary vascular resistances in patients after surgical closure of the defect.52 66 These changes begin to take their toll after age 20.
The same may be said for patients in group 3, although this group is too rare for thorough documentation. Case DC-4, table 7 ance. Vhatever changes took place in this group-3 patient, they were gradual, mild, and not fixed, even at age 31. The course of group-3 patients appears similar to that of atrial septal defect, except that the prognosis is less favorable because of the chronic volume overload on the left ventricle. An additional influence upon the progression of pulmonary vascular disease that must be considered is evidenced by the work of Davies.63 He first noted the chest deformity frequently seen in congenital heart disease, and particularly ventricular septal defect, with hyperkinetic pulmonary hypertension. Continuing this work, Davies et al. 4 found increased lung stiffness in such cases and documented that this particular complication was associated with a high incidence of lung infection in childhood. Some of the cases described showed gross disturbances of lung volume, ventilation, and diffusion. These findings, recently confirmed by Woolf,65 can only aggravate pulmonary vascular disease by imposing an element of cor pulmonale on the already overloaded heart.
Summary
It is now possible to synthesize the natural history of ventricular septal defect. Size is fundamental, and stemming from it, the smaller defects (groups 1 and 2) separate from the larger (groups 3, 4, and 5) immediately at birth. Apparent size may differ from real size, for defects may become partially closed by tricuspid valve leaflets, or be gradually obstructed by an enlarging aneurysm of the sinus of Valsalva. One instance has been observed in wsrhich a muscular defect was obstructed by a large papillary muscle. The reverse may also occur, i.e., a partially obstructed defect may enlarge as a blocking tricuspid leaflet detaches or tears. Group-2 patients will gradually approach group-1 status clinically in the third and fourth decades, if not sooner. As the aortic root gradually enlarges with age, the proportion of left ventricular output shunting falls. The increased chest diameter obscures the left ventricular impulse, ventricular filling murmur, and the Roger murmur itself. Diagnosis is more difficult over age 40. These patients seldom die young and they do not develop pulmonary hypertension. They visit our adult heart clinics infrequently because of the following factors: (1) they feel well (it was shown that six of seven patients followed-up after 24 years would have been missed in a survey of adult defects) (2) spontaneous closure (3) increased diagnostic difficulties.
A complication of aging for the patient with defect, open or closed, has been shown to be increased susceptibility to other left ventricular diseases. It is believed that the defective septum, open, spontaneously closed, and perhaps surgically closed, cannot make its normal contribution to ventricular ejection. In tle presence of left ventricular disease, such as ischemic heart disease or hypertension, this weakness may initiate early congestive heart failure. Otherwise, the defect may be of trivial import throughout life.
The anticipated life expectancy for the 95 per cent of patients in groups 1 and 2 surviving bacterial endocarditis is perhap-s 65 years. With a possible 5-per cent mortality from bacterial endocarditis at age 30, the over-all life expectancy is 63 years.
The surgical approach to groups 1 and possible. Surgical treatment for these patients should be placed in proper perspective. Since the life expectancy of these groups untreated will average 63 years, it is sobering to realize that nearly a century will pass before the patient-years of those whose lives have been extended by surgery will exceed the patientyears already lost to it. For this reason, when group-i and group-2 patients are treated surgically, the established risk must be below 1 per cent. Gains to be made in these patients are very small, and losses, when they occur, are large.
Natural History of Large Defects
The outlook and prognosis for pulmonary hypertensive ventricular septal defects of our study confirm the work of others.9' 13, [16] [17] [18] 57 The childhood course of groups 3 and 4, commonly complicated by congestive failure in the first year of life, a high incidence of pneumonia and other respiratory infections, moderate effort intolerance or fatigue, and retarded growth, has been well detailed by others.9' 17, 18 Group-5 patients are similar. They may have more effort intolerance and cyanosis, but less congestive failure and respiratory symptomatology.4 63 There may be differences in survivorship among group-S patients, depending on whether the Eisenmenger complex was acquired early or late. Patients from groups 3 and 4 who acquired it after 20 years might be more prone to early congestive failure. This is because the over-all cardiac work, illustrated schematically in table 17, for group-5 patients is less than that for groups 3 and 4. Table 17 illustrates the excess biventricular and pulmonary stresses to which groups 3 and 4 are subject. Survivorship among the five group-4 patients of our 8-to 12-year follow-up study was poor. However, only two of the four deaths (at age 8 from bacterial endocarditis, and at age 13 from heart failure and pneumonia) fit within the definition of this natural history. Dr. Wood recorded only two natural deaths (at ages 25 and 32) among 44 group-3 and group-4 patients he had followed for periods up to 10 years,"' and one of these was due to cancer. It was our purpose to avoid complicating lesions, but two deserve mention. Aortic insufficiency is confirmed as a grave complication regardless of defect severity.'3 57 Infundibular pulmonary stenosis was observed to increase abruptly in one patient after age 40. The patient previously had mild pulmonary valvular stenosis. Although this has been reported previously in infants,9' 17 it has not been observed in adults.
